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M^y- hm\z^y)mm^n^:^'Eu -tji^ii9cm\^m 

^''^yy^]^^t. NAND^CDSI»y-hjB>& 
il^-r ^ ;t 8607 H ^— ^iBfif^y D :y 7 H U 

□ ^ 7 F I-XICISUT 1 Titc^SWy- h K^-f A^jg 

ffiKi$n^»NANDir;i.{c, ^t2x-;5^7':^5^I§KlcfB 

BSSyP5/^77FUXx-^^^:/^l5lBlc82tt$nfc:/ 
Uv^TY VTsXZ^ZX^U < a: t) 2 OCOSJiy- F H 

y-h©7:i^^S!l$n^NAND-fe;HC» m^^-^'yv 
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D-feJl/^L<ttDiNOR-fe;l.t, flJSBMaiy-hfijc 
ctlpB»l^nfe;<^U-fe;Krffiri2lf*;; h«&:frLT»# 

aiRy-h K^i-At. SJS2AND3?lJ^b<ttDINO 
R?«J$:a5?"r^)'c*07K^X$-^l2fi-r'5:/D-;i; 
7 F 1^ X X- 7 !y a: Ufc*«*g2ttSS 

gJffix-^5^/9'(DiKtC|2«$nfcx-;5^$i5g2tf^> F 
«&:rM.Tt9f2AND-fe;i/^L<JiD I NOR-fejKcft 
€ri2.tyBR(D^-F^LT, 

ff«2:/D ^ 7 F l^Xx-^^ 5 vJ'Wmz^'^'^ tiitrf 
D ^ 7 F UX ic* UT 1 ::>©a«y- F F mkM 
gS«bfcy-FF^-rAtCj;OSIISy-h«)^* 
ffi»$n^AND-fe:>ii^Sb<liD I NORt:;Kc. 'laga 

^ ^l5l2S(ci2«$nfc5'-:$'^S^3itfM»^ 
-Ft, I 

S9fe:/n ^7 7 F 1^X7^-3' 7 *y 5'[i»tcf2«$nfc:/ 
20 uv^rYV7>. ic* i;Tii>;i < 1 1) 2 t:>os«^y- > f 

^^A$:a«L. KSJ^Lfcy-FF^<Atc<i;t)«)W 
y"-F*l;&^IKft$n^ANDir;i'eL<l3:D l.NORir 

Mz. ^^'r-^vv^mk\zwA^ntdT-\^^n'^ 

5^^UTE^$*x;taS[*0^»y-F«i:> Sin^cD 

30 NDir;i/i:. mmm'f-vWiZ^^mm^nit:^^^} 

x-rS'^-y^lHlK*!:. NAND3?>i(^fflpy-Fil8& 

ffitdt-^a^^y-F F^^nt*^iiL;^c^«f^a2ttK 

«$::fM>TS5i2NAND-feJKc*$iitff5ll. 
e^l2[^-N AND3HI©ftlffliy- F«;&«tt5tlcS«?$n, 

[»««5] 1SS*<^lf^/F«^:. ::nf.(Otf^/F«t 
35^ixTE^$n;t«»*<^M«iy-F«t, jinst?:) 

M Wy- F « J; t) KK^ ;t ^ U -fejU^ffiSHiit^J 

msix^xuK^^tjy-mm'^Mv vmxzmt-^nitnK 

Np-fe^Lt, t9IB®Wy-F»(C<fcOffi8!i$nfcp^^U 
ir^KcgaiBfu/ FJI=£:;hLTS#i^t^x-^*gBtt-r^ 
x-^75/^©^t. f^-NAND^JCDSilffiiy-F«l^ 
j^ft-r^ajRy-FF^-TAi:, gtrENAND?f»J^aj^ 
■r^rc«)©7F^X^fc-^f2«t-^:/o*y5^7FUX7' 



(3 

3 

y-h«l;!>5]S8l$n^NANDir;HC, gifi2x-i$^^u/ 

P 7 K V V ^[5jgStcS1&$n;ty P 

X - :<i«-h^ ICS ^2, ^ nfc;0^?^7&^ ^ffi^ii;^*;^ Lf ^ 

^^zwrnmsiT^ ct^ii^mtr^m^^m i - 3 cdv^t 
mmmmfzism] 4o 

[0 0 0 1] 
[0 0 02] 

^IStSSB (EE PROM) ;&t^Vie^nTVi-5. inOE 
EPR0MO-OtUT> ii5«a{tfrflEnfcNAND-fe 

;PS!EEPROM?&t^^»nTVi^. e:n«. so 
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(0 0 0 3) t,tc. 1 9 9 2^1 EDM (Internaliona 
1 Electron Device Meeting, : @IB«^/HX^aD 
T:fc^Sfl:^&«d^ofcNORl!EEPROMtLT, B 
4SfPWd^e01 IfC^TANDSEEPROM (LKtl 
me, te, "A 1.28 nm^ Contactless Meiory Cell Tech 
Dology for a SV-Only 64Mbit EEPROM." 1992 lECM Tec 
h.Dig..pp991-993) <^%^t. HSa«*^e^01 2 IC^ 
•TDINORiaEEPROM (H.0Doda,ffi, "A novel C 
ell Structure suitablefor a 3 Volt Operation, Sect 
or Erase Flash Memory, " 1992 lEMi Tech. Dig., pp599 
-602) (D^m'^h^. 

[0 0 04] dtl^^D I NORSEEPROMiLAN 
DSIEEPROMfi. ^^U-lr;P«:«»fi36JIJ»lRLfc 

CO 0 0 5] tsiiB;<^u-t;ms^. m^mmm (»3i 
y-h) ^a«iy-h75^««$n)i:FET-Mos«iis 

)vn\z^nm^'^t\^t\ x\tnmMmzm^trifcp 

m^Ji)V^\zmtm&^n^. NANDi:;H!EEPR 

^n, y-xffl«-^iioa*^y-h^^M.Ty-x«i 
(S*«&E») irg^$n^« ^^u-ir;voa«iy- 

[0 0 0 6] ait, y-HSI(ca;^;&t^;>c^rU-fe;i' 
cD^^^l^-i^iilifc;, lMOHW>fi!3ti;v-X 
ffi30S^y- htCSE^nfe^-xO^-g-S: 1 NAND^ 

[0 0 0 7] NAND-t:;i.^EEPR0M<Diimi*O 

S X JH^ic^ ^ U "fe;i'7 W ^tmiflj^^;^ n:t t>c!>^ 

tSSt-r^. ^-^0>m^\t. lNAND:/P-;^^rtO 

NANDyD*;^^7 (O^TO^^y- h ^S2p«fir Vss 
Ix, pH'i^xjPRt^n^SfilCKSJEEVpp («HJAa2 0 

Tsaiy-h;5^esfiic«^*t»tfi$n. l^v^a^^ 

Sf^. 9^^:/ffiS«^NAND:/P5;^$il« 

[0 0 0 8] x-5'(0S#i^i**^»if^lS, t:^yh«36^e>S 
t)»$nfc&HO;A:eij-fe;Pd^^lBICfrt>ns. NAN 

D :r D V f^oas? $n;t$ii»y- h {c^asff vpp 
(WAtf2ov) ^^wjab. ffi<7)i^a«^y-h(c«tfra 

«ftVm (WAIflOV) If Mate 
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[0 0 0 9] ^ft. X"-3'C0S#ii^Stifp{z:fe^^Ttt, 
0»JAii2 5 6AW ^-S^Sy-hiB 

[0 0 10) tC^T. NAND-t;i/SEEPROM$ 

[0 0 11] Lf)^L. t¥*ONAND-fe;t.S!EEPRO 

[0 0 12] ^fc. C:Oi;^;i;^§ScDNAND-t;l^^ 
EEPROM^£:ai^ffllr;<-;^7T, mmmz^.-lf'VU 

\^^tctz^. :^^')(Dnjikmmz^±imm^m'^-:>x\i^ 

bTVKfc^i), :K^m^=eV'V\ty'y^h\Zfj^fi^^nxh 

[0 0 13] ±fH©R]®}i, AND-fe;mEEPRO 
M, D I NORir;H!EEPROM^C0;A:§fi>(^U«C 

[0 0 14] 

^U<0»if^K»cofca&tc, 1^— :^5><Dx-^^astffi 
co/^ >J ±)V\zS^&tsWii^^m:km 0 ilTi^JS^t* 

[0 0 15] ±82^m^&^«UT^$nrct) 



> 4$M¥7-2 3 5 1 9 3 

mm^&9^'r^zt\z$,^. 

[00 16] 

[0 0 1 7] sj^. (3i*si) (i, aa*cofcr 

Mzm^&ti1Si<r>^-}^tLX. Tl^Uy^y'-^^y^' 

mmzmtttsnr:^7 h wxic^iut 1 *<09- K«a$ra 

X(Cl£;i:T^;i<tt>2*C07-HiB$:aKU, KSR 

vftu-m\zmmtnft:^^V't)v\z. y'-^yy^ 

[0 0 18] ^fc, :^^m (»*S2) Ji, «»2t:c:)lf 

b:^; h«|(cg3K$n;tNAND-fe;i/i:, ffjffliy- ^.ji8{c 
y'-^^mtt'T^T^-^^y'^m^t. f^-NAND^J 
N AND^fiJ$a«?-r5>fc8507 H UX^-^Efif-S:/ 

D 7 K y V "^mnt^^mhtc^mms. 

h«^&:frtTNAND-fe;WCS^aty|S©t-H 
ttr. :/n>;;5'7HkX5^-^^-/^IolKJZl2iS$n 

*i;0^ffift$n'5NANDir;HC. x-^^ry^IUKfCfB 
U-Xx-^ ^ -;5^[5iK(cK«$n;rcr^D-;i^7 FUXtC 

- ^ ^ [il^ ic S^2.tr**a^- K ^ S ^» ;i 

[0 0 19] ^fc. *»M mimz) \t. «&*(^tr 



(5 

7 

\iv h«lcaiH^n;/:tAND-fe;i.«L<«D I NOR-fe 
Ki:. [^-AND^?SL<I1D I NORJiJcoSilffiiy-h 

r 5 :/D 7 K uxx-^ ^ ^EB t =&^flS 

x-^^h'-:/ hS^fc:frLTAND-fe;i.SL<liD I NO 
Rir;Kc»#i^,tf!K(D^-HtL/T, ^Uv^TYV7>. 

SL<(^D I NORir^HC. 'T—^vv^mii\ZW%.'^ 

V ^/^i5iKtcfBtft$nfc:/D ^ 7 H tr^&i; 

Co 0 2 0] tfc, *%BJ (0S*^4) t^. ffi»*<Dtf 
kf -y hlitcSH$n;tNAND-fe;l't, ^Wy— hiStC 

Ztlfz^f-^^Mv hi8^:fMxTNAND-fe;l/tC«-^ii 
tJiSSJC. f^-NAND^J<Offl»y-hjSg;0^ff^lca«^ 

[0 0 2 1] ^fc. (il*555) tt. fi»*CDtf 

tf'y h«tc»K$nfcNAND't:;Ud:. U^V—VWiZ 
7^-^$:ffittf^x— rJ^^ty^'lElKt, ^— NAND^J 

oMffly-hSi^rBftr^aKy-hK^^fA^. na 

i^7HUXx-^7:y^I5rj8ti&^liLfc*««:^«K 

hilS^M.TNAND-fe;HC*^atJlBcD^-}^i:U 
T, ^Uv^TYV7s=r-^vv'^m^\ZWA^ntz.-:f 
P-y^7 7HUXIC>£;i;Tlt?coS«y-h H^^A^jg a? 
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«u Ki!«u;ty-hK7-rAfCcfcOffi9«y-h«;&t 

K«i$n^NAND-l:;nc, x-^'^s^^lElgStcEttia 

T^-^^ ^ !y5'lHlK(iffi«;3rnfc::/D t/ ;^7 H UXIZlSi; 
T^;^<tfc2ocoS«y-hH^>fA^a»JU 
*ibfcy-h H^-f A(cj;r)^Hiy-h«*«l!i$n-5 
NAND-fe;HC. X"-^^^!y?lpI?S(CE»$n;rc7^-^^ 

lk^-YhO'>ft<h^--n\Z^\^X. f^-NAND^J 

CO 0 2 2) CCT. *%§«oa*LVi^MSgS^UT 

CO 0 2 3] (1) =f-^v-j9mim. ^-H«3t(iei 

BJC, 7KUXx'-^^!y^!pI»tciBtt$n:/t7HU;;^ 

tcrt;;i;Ta5^$nrciJ>;a:< tt) 2*£(±(07-K«xti 

CO 0 2 4] (2) /^UirjW^, *»^I^SS±lC«?5ll 
CO 02 5] 

7F^Xx-^^y?^IaIB (XH:/n'yi^7HUXr" 

mz¥ii^^tMt^-^vv'5-mih. ^ne.<^iifp^a 
*o7-HiS8 aii$!i«y--M5) imn\z^mssK^ 

C0026] 

[0 0 2 7] (^JSWl) 011*. *^?10S1(^)5IJB 
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[0 0 2 8] »»*CDhr-y h«BL (BLl . BL2. 

BLJ . BLd) i:a»*(7)7-H«WL (W 
LI , WL2 . WL i, WLi+1 , WLa ) t 

(Mcli, Mcu MCniD) *^-E-n-?nsH$nT 

V^^o tf^y h«BLICttx-^5^:y^[5l[aDL (DLl 
. DL2 , DLi , DLn ) ii^l^^fl. 7 
" H«9WL \z\t7 Y 7 y^RXSU- K« H A© 10 
KAL (ALl , AL2 , ALi , ALi+1 , 
ALffl ) *tS^$nTVi^, -^LT, 7]^U7.yy^lSc 

\tU07YU?s. CSL (CSLl. CSL2, C 

sLj . csld) i/o, /i 

10 0 2 9] ai&CDS^a^^-KJltS*CDKtBtCj^-< 

[0030] iSI2«. 9- H«*SS^»ti^;5ii^<D± 

«H^-YAlHl?SAL(C«i*f216$nTl.K. S 

y A L tCf 2» $ nr ^ D 7 H U X r 

ma^7VUXLX. RA2 . RAi . RAmCOSacO ^ 
7 H U-Xi^f^D*:; - xi3-i5^[5i^SR/D^^H.r7 H 
^ y tX7 - H «i H 7 -Y AIhIK A L It ® 0 a ^ 
Stii^^iC3*(7)7-H«WL2 , WLi , WL 

[0 0 3 1] x-i5^7*y^I5IKDLl -DLn 7 

-Higs«£^i5^L<«7"K»sm xmi^mi/ 

[0 0 3 2] T^-^^y^EBDLl -DLd cOKfttT^ 
-^'filfy Ki^BLl -BLd ice^^tXT^St). 7- 
H«61WL2 , WLi . WLm T&^SJJ^nTVi^*^, \£ 40 
V hiSBLl -BLd Ox-3';&t/^U-fe;i/MC2l-M 
C2d, MCil-MCiD. MCml-MCmnlCl^^tlffilS^ 

[0 0 3 3] x-iS^^s/5^[iI»DLl -DLn 

ltT;i<. t:yh«BLl -BLn CDSK^^^fflLx-rJ^At 

7-K«WLl ;Sita«$n. /^U-t;VMC 
lI-MCliK^fBffiT'-^?:^^ t'-/hSBLl -BLd \Z 



WPi¥7-2 3 5 1 9 3 
Ln ©x-^At, x-:5^7*y5^[Hl»DLl -DLd It^ 

n-^ngefi^n^o -^-o^, stii^iJ--r^;i.T, 7- 

H*|WL2 , WLi , WLm im^^Xx^h. f-^y 
ty^lHlBDLl -DLn ICf2«$nTVi5,x-i$^*t. 
^U"fe;^MC2l-MC2n, MCil-MCin, MCnl-M 

[0 0 3 4] '^-YU^'LX-^mi^tl^X^- 

-dld JwSS«snTVi^«^, s^Ji^tf-r^^vH'T, 

«qA«7-K«WL2, WLi , WLm T&t^Sa^J^n 
7-Hi»WLl Tjg«$n-51'^-va^<0^^U 

-H»WL2 , WLi , wld icntf-^n-So 
[0 0 3 5] et±*TOSiWlC*l.iTJi. ^^u-fe;ui 
LTt^#^»ApJtg?i'b<0H^T^$n-5o m-^, DR 
AM (^^-^-^v^ • ^>;$^/. • 7^-lrX • ^^»J) , 
SRAM U^^w' • ^>yA • 7i57irx • 

[0 0 3 6] z(r)^o\z:^^'mm\z^n\t. m^i^\m 

fC7-K^WL$r^l:®^^f «.::t;&toJigt7^r), [^^ 
iC S» 7 - F «IW L It 1 ^- viJ'Ox- ^ H t iitr c 

[0 0 3 7] (^J6«s|2) :^\z. *5£^^&NAND-fe;i. 
HEEPROMJC^JSL^^cS'&fC^i^tiT, :a{^e5lri;iig 
•r^o 0 3. S4I^, *3^ig<0S2O^ffif?lC«t>SN 
A N D-tr^U^ E E P R O MOp^ ^ U 'tr;i^7 W Rt/^S 

[0 0 3 8] CG (CGdl-CGd4, CGel-CGe4, 
CGfl-CGf4, CGgl-CGg4. CGhl-CGh4, C 
Gil-CGi4) (i^ffliy-h> SGS (SGSd, SG 
Se. SGSf. SGSg, SGSh. SGSi)«y 
SGD (SGDd. SGDe, SG 
Df , SGDg, SGDh, SGD'i) UVU-i >mm 
«iy-h. BL (BLj . BLk , BLI ) ttHy h 
DL (DLj , DLk, DLl ) It'r-^yy^^ 
DRV (DRVd , DRVe , DRVf , DRVg 

, DRVh , DRV) ) mmv-hRnmny-h 

F7-fAlHl», BAL (BALd, BALe . BALf 

. BALg , BALh , BALI ) Jd::/Dy^7Klx on 

A^ty^SB. MC (MCd4j , MCd4k , MCd41 , o\ 

MCf4j . MCf4k , MCf4l , MCg4i , MCg4k , § 

MCg4l ) ti;)C^Uir;K RA\ta^7\^U7.. CSL ® 

(CSLj , CSLk, CSLe) \ti^yASnm. I K 

/O. /I/OliAtfi:^}iB. R/DliDr>.7^a-^T * 

[0 0 3 9] croiiMw-ett. /t'j-fe;i'MC©4jH*«' 
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BLtc»«[$n, <fl^attv-x{lIji^Ry-hsGs^^^ 
m\z\tN A N v^im&xmmy- h Rxssny- k h ^ 

Mtti^hoti^oX^^^. 

[0 0 4 0] *§^tgW;c*5ViT'ba^t<D##a^qB-H 
[0 0 4 1] 0 5. H6li^Wy-hijS^ma«*^a 

^« ^fc. Re ad/Bu s ytJ^^^y^SPtX^^ry^rt 
[0 0 4 2] ^ffiiy-hi»^Sj8KS 

aa^ie#3i^fflD07HU:^tLT, RAd, RAf 
, RAg <D3m<D7]^UXiA^y:fmzm^i^t.n^ 

HUX^^/^m^SBALd , BALf , BALg \zWSk 

[0 0 4 3] 9^7^\t. RAd OH*:/ hc07HUXO 

fcf .y h^:NAND3?»Jffl07H^;;^LTt>J:l.il^, ^fc 
^gS;5^^A;f3$n^7 Kl'A^&:/Pu/^7 H1/X^:NA 
ND^Jffi7HUXi:5>{tT. SI035^S«|CNAND3?IJ|| 
7Hl^;^$A:^L> NANDjyc^{BI#§(0>^^Ui:>!l/S: 

[0 0 4 4] teiffiiy-M8*sa«s#ji;?^ffioDD':77 

HUX. RAd , RAf . RAg :/nty^7H 
NAKD^J7HUXcDSiR:Ci<ft^^i:, ^Jclc-x- 

5» S6rJ^fifija:LT> 1 '^-x<0:g$$ 2 5 6 AW h 
+ 8AWh (X^-SJiEffl) =2 6 4A*-f KtLT^i 
^fc. nTVHM-^/ 7HUA, x-iS^-fol^UAHi 
:trhr>A^^A*'re«-&^^LTi.i^;!f^ -^-ti^nOJ 
(Otr>;&>5.A:^3LTt)cfct.^. fH^tf, yYVTs^X^-h 

[0 0 4 5] S#]^^5?^reififfl3V>HCOM2;0t 

f'v^n\z^K^Th^n^h. ^v^n<r^^mmkiim 
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T-^$:S€5i*r^^ttffl*»'B&Vi«'&, BLj, 
BLI |j:D^7 mX\tOy) \Z. BLk tt^'fWtBJBEVm 

ffl«£E*«x > A > X > h ^- K IC ;S: ^ T -5 r t 

[0 04 6] :/Dy^7HUX7y^I5iKBAL 

WA«NAND^J^7HUATNANDJ»JCD4Sg 
CO^^>J-fe;P;&tg«^nst. *!lffliy-hCGd4. CG 

[0 0 4 7] m^iLm'^^^^m^m^x^fdmzWT^ 

^t. fflffliy"hCGd4, CGf4, CQzMmtSu^^ 

20 ^tL. %^iL^n\zmi^uv^n<omk^ 

' ©IWy-hCGdl^CGdS, CGfl~CGf3, CGgl-^- 
CGg3. Hl^<>«Scoa«y-hSGDd . SGDf. 
SGDg Ji^KUffi. WAtfl IVlC^ftf ^, 

bT, 1 1 Vi:il>bB<LT, HUY>fll^^y-ha 

(y^s«:/D i7f^o*s«si«y- hcoM<.>fi«m»r£ 
:/n*y^rtcoy-xffl!|ji«y-hSGSd , SGSf, 

[0 0 4 8] ;::C0*#ji^^t PROG05W, S 

Wy-h«CGd4. CGf4, CGg4;^tD':7«» (OV) 

fin, H^^>fi3oa^?y-^;^v^>r^^ (vcc) (cwjd 

[0 0 4 9] T^-^^^y^lHlKDLj , DLk , DLl 
ttf^^ hiS"k>X7>7^lEllS*«^3Tt><tK it 

bTli> 5^01^^i7;>TS;:X»#i2,;t»^*^fT^pn;^V^^^ 

^m'^o\z\jX^^\^. 

[0 0 5 0] m^iL^imix^. :3T>Fm^coM3 



00 

o 
o 

as 

(3^ 
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«. 1/0(1) =0<oa^tl/^XT. I/0(1) =1CD 
[0 0 5 1] &i±^rfi^. ^:fOy!7\z\m<0:fay^ 

CO 0 5 3] m&^^muthvmmt. mx\mmo^ 

-^IC^ffliy— h«eCGd4, CGf4, CGG40 3*7i<[^Wf 
[0 0 5 4] ;i(7)§i^;^a^^fcaL©^9j;£lc51, SirO 

[0 0 5 5] m^. $I»y-MaCGd4, CGf4, CG 
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